The most common form of hypersensitivity pneumonitis in Japan tive transfer of S. rectivirgula-sensitized spleen cells (17, 18) .
tivity in SHP. We prepared a cDNA expression library of T.
cyte proliferation assay; bronchoalveolar lavage; G-X-X-X-Q-X-W motif asahii, the most common yeast in the genus Trichosporon in the environment (23) , and performed immunoscreening with Hypersensitivity pneumonitis (HP) is an immunologically bronchoalveolar lavage (BAL) fluids and sera of SHP pamediated lung disease that is caused by sensitization to and tients. We cloned the full-length cDNA of one new gene. repeated inhalation of an inhaled antigen (1, 2) . The most
The corresponding amino acid sequence revealed a protein common HP in Japan is summer-type HP (SHP), which is with a predicted molecular weight (M r ) of 19 kD and precaused by inhalation of Trichosporon asahii or Trichosporon sented tandem repeats of a G-X-X-X-Q-X-W motif. This mucoides (3) (4) (5) (6) (7) (8) . The clinical and laboratory features of HP protein, named TA-19, represents a new member of the Ricin have been well defined; however, the precise immune mechasuperfamily (24) . This is the first study to clone a full-length nisms involved in the development of the disease have not cDNA of a protein antigen potentially involved in pathology been fully documented. The immunologic mechanisms inof HP. volved in the pathogenesis of HP are probably the result of an initial immune complex-mediated lung injury followed METHODS by cell-mediated hypersensitivity-induced tissue damage (9) .
Antigenic components have been identified for several Subjects forms of HP, including mannnose and mannoproteins of T.
SHP was diagnosed as defined by Shimazu and colleagues (4) . We asahii and T. mucoides in the case of SHP and the carbohyobtained informed consent from all subjects and approval of this study drate moieties of the glycoproteins from Saccharopolyspora from institutional review boards for human study. BAL fluids or sera rectivirgula in the case of farmer's lung disease (4, (10) (11) (12) (13) (14) (15) .
were collected from 21 patients with SHP (13 men and 8 women with
Although the involvement of protein antigens is suspected, a mean age of 48 years; range, 23-68 years), 12 patients with idiopathic the nature and extent of this involvement remain unknown.
pulmonary fibrosis (IPF; 9 men and 3 women with a mean age of 55
Processed extrinsic peptides are presented by antigen-pre- years; range, 25-52 years). None of the patients had previously taken ringer-Mannheim, Indianapolis, IN), and used as a probe. The signals were detected according to the manufacturer's instructions. immunosuppressive drugs such as glucocorticoids.
Northern Blot Analysis BAL Fluids and Sera for Library Screening
Northern blotting was performed as described elsewhere (27) . Five Pooled BAL fluids and sera from 4 patients (a 59-year-old man, a 60-micrograms of total RNA from T. asahii was reverse transcribed to year-old man, a 64-year-old man, a 68-year-old man) with SHP from synthesize cDNA with oligo(dT) primer (GIBCO) and Moloney murine our first group of 21 patients were used for screening of the cDNA leukemia virus reverse transcriptase (SUPERSCRIPT RT; GIBCO). expression library (discussed later here). The patients had been con-TA-19 cDNA fragment was amplified with F1 and R1 oligonucleotides, firmed to show significantly high titers of T. asahii-specific IgG and labeled with digoxigenin-11-dUTP, and used as a probe. Twenty microIgA antibodies in the BAL fluids, as well as in the sera measured by grams of total RNA extracted from each yeast strain was subjected to the enzyme-linked immunosorbent assay described by Yoshizawa and electrophoresis. The signals were detected according to the manufacturcolleagues (25 and a recombinant protein fused with GST (hereinafter referred to Candida parapsilosis, TIMM 3172 strain; and Cryptococcus neoformans as the "fusion protein") were prepared from BL21 according to the (Crn), TIMM 317 strain. They were grown in Sabouraud liquid medium manufacturer's instructions. The recombinant proteins were purified at 28ЊC, harvested by centrifugation, washed three times with saline, with GST-conjugated sepharose beads (Amersham Pharmacia Biotech) and stored at Ϫ80ЊC until use.
as instructed by the manufacturer.
Preparation of T. asahii cDNA Expression Library
Western Blot Total RNA was extracted by the method described by Schmitt and Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was percolleagues (26) , and a recombinant cDNA expression library was preformed according to the methods of Laemmli (29). Proteins were transpared with a vector kit (ZIPLOX; GIBCO BRL, Gaithersburg, MD) ferred electrically to a polyvinylidene difluoride membrane with a and Gigapack III Gold packaging extracts (Stratagene, La Jolla, CA)
Multiphor II electrophoresis system (Amersham Pharmacia Biotech). according to the manufacturer's instructions.
The binding of specific antibodies to the proteins was detected with biotin-conjugated goat anti-human IgG as the second antibody, folScreening of Expression Library lowed by peroxidase-conjugated streptavidin (Dako). The T. asahii cDNA expression library was screened as described elsewhere (27) , with the pooled BAL fluids and sera of patients with SHP.
Inhibition Assay for Cross-reactivity In brief, some 60,000 plaques were plated at 3,000 plaque forming units T. asahii, T. mucoides, and C. neoformans were separately grown in (PFU) per plate, and two replicas were prepared on nitrocellulose Sabouraud liquid medium. The pelleted yeast was resuspended in saline membranes; one was treated with pooled patient sera at a dilution of and sonicated at 4Њ C. After centrifugation, the soluble fraction was 1:200, and the other was treated with corresponding undiluted BAL recovered, filtrated, and frozen at Ϫ30Њ C until use. The patient's serum fluids. The binding of IgG antibodies specific to the proteins expressed was diluted to a concentration of 1:200, mixed with yeast lysate at in the library was detected with biotin-labeled goat anti-human IgG concentrations ranging from 10 g to 1 mg per 10 ml, and applied to (Tago, Burlingame, CA), followed by peroxidase-conjugated streptavithe Western immunoblot of the fusion protein. din (Dako, Carpinteria, CA). In the screening steps, we isolated only those plaques that were reacted strongly with both the sera and BAL Antibody Assay fluids from the SHP patients but remained undetectable with the sera TA-19-specific IgG, IgA, and IgM antibody activities in the BAL fluids and BAL fluids from the NV and patients with pulmonary disease other and sera were measured by the enzyme-linked immunosorbent assay. than SHP.
Flat-bottomed microplates (Nunc Immunoplate; Nalge Nunc International, Rochester, NY) were coated with 250 ng of fusion protein or Cloning of TA-19 cDNA 150 ng of GST alone diluted in carbonate-buffer (pH 9.6) overnight at Nucleotide sequences in both strands of the insert cDNA that encoded 4ЊC. The plates were washed with Tris-buffered saline containing 0.05% the SHP-specific recombinant protein were determined by using a Tween 20 and blocked with 1% bovine serum albumin for 60 minutes. dRhodamine Terminator Cycle Sequencing kit and an ABI 377 DNA After washing in Tris-buffered saline containing 0.05% Tween 20, 100 sequencer equipped with ABI Prism Model for data recording and L of BAL fluid diluted to a concentration of 1:2 or serum diluted to analysis (Perkin-Elmer Applied Biosystems, Forester City, CA). A a concentration of 1:200 was added to each well and incubated for 2 SMART Rapid Amplification of cDNA Ends kit (Clontech Laborahours at room temperature. Before adding the diluted serum to each tories Inc., Palo Alto, CA) was used to elongate the 5Ј-cDNA end.
well, it was preincubated with 10 g of native BL21 lysate for 2 hours Two successive and specific oligonucleotide primers for TA-19 were at room temperature just before applying to each well to eliminate used: 5Ј-CCACTCCTGGTTCTTGTTGCCGGTGC-3Јand 5Ј-AGAC antibody binding to the BL21 lysate mingled with the purified recombi-CTGGAGGCCGTTGCCGTTGG-3Ј. Both nucleotide and deduced nant proteins. After washing with Tris-buffered saline containing 0.05% amino acid sequences were analyzed with known sequences using basic Tween 20, the plates were incubated for 30 minutes with alkaline phoslocal alignment search tool (BLAST) search (28) and ExPASy proteophatase-conjugated goat anti-human IgG, IgA, or IgM (all from Tago mics tools (ExPASy, Geneva, Switzerland).
and all labeled with biotin) at room temperature. After the plates were washed again, they were developed with o-phenylendiamine (Wako Amplification and Dot-blot Hybridization of Genomic DNA Pharmapheutical, Tokyo, Japan) at room temperature for 15 minutes. The reaction was stopped by 25 L of 2N HCl. The amount of antibody Genomic DNA was extracted from each yeast strain and applied to in each sample was expressed as the optical density at 490 nm in a well polymerase chain reaction amplification with two sets of TA-19-specoated with fusion protein after subtracting the background absorbance cific primers (F1: 5Ј-AAGCTACCACGATGCTTTCC-3Ј and R1:
value of a well coated with GST only. 5Ј-GTAGCACTGCCAGAGGTGG-3Ј; F2: 5Ј-ACCTCTGGCAGTG CTACCC-3Ј and R2: 5Ј-ATCTGTTCATTCATAAGCC-3Ј). Genomic Lymphoproliferation Assay DNA was serially diluted and spotted onto a nylon membrane. TA-19 genomic DNA fragment was amplified with F1 and R1, labeled with
Peripheral blood mononuclear cells (PBMCs) were obtained by FicollPaque (Pharmacia) centrifugation of fresh peripheral blood with hepadigoxigenin-11-dUTP (DIG DNA Labeling and Detection Kit; Boeh- 
Statistical Analysis
The Mann-Whitney U test was used to compare the levels of antibodies and the lymphoproliferative responses in different groups of subjects; p values of Ͻ 0.05 were considered significant in the analysis.
RESULTS

Identification and Molecular Characterization of TA-19
The screening of 240,000 plaques from the T. asahii cDNA expression library identified two plaques with insert cDNA of approximately 0.8 kbp. Both plaques reacted with all the BAL fluids and sera from the four SHP patients studied, but neither reacted with BAL fluids or sera from the patients with eosinophilic pneumonia, Sar, tuberculosis, IPF, or interstitial pneumonia with collagen vascular disease or from the NV group. DNA sequencing of the inserts showed that the two clones overlapped tion of cDNA ends produced a substantially longer and complete Figure 6 shows the levels of TA-19-specific IgG, IgA, and IgM was cloned into pGEX 6p-2 plasmid and expressed in a bacterial antibodies in BAL fluids from patients with SHP, healthy volunsystem. The immunoblots in Figures 5A and 5B were performed with the serum from a pool of patients with SHP. Unpurified teers, and patients with three other respiratory diseases (IPF, the SHP patients. Serum levels of IgG, IgA, and IgM antibodies were also significantly higher in the SHP patients than in all of the other groups (Figure 7) , although a few non-SHP subjects showed elevated IgG or IgA titers up to 1.06.
Cell-mediated Hypersensitivity Response to the Recombinant Protein
In separate experiments, we collected fresh BAL cells from patients with Sar as a disease control group. We did so for several reasons. First, Sar is a relatively common disease in Japan. Second, patients with active pulmonary Sar show bronchoalveolar lymphocytosis. Finally, the mechanism of T cell accumulation into the lesions is thought to be antigen driven (38). BAL cell differentials revealed that the mean value of lymphocyte was 69.6% in patients with SHP and 50.0% in patients with pulmonary Sar, showing bronchoalveolar lymphocytosis. Antigen-specific proliferative responses of BAL cells to TA-19 were significantly higher in the patients with SHP than in the patients with Sar ( Figure 8 ponents from culture filtrate antigen of T. asahii purified by Yamasaki and coworkers (11) consisted mainly of polysaccharide. Mizobe and associates (12, 13) further characterized the interstitial pneumonia with collagen vascular disease, and eosinresponsible antigenic component as glucronoxymannan. The anophilic pneumonia). Levels of three classes of antibodies in the tigenic epitope was shown to involve the terminal glucuronic BAL fluid were significantly higher in the SHP patients. In fact, the absorbance values were negligible in all of the subjects except acid residues, and a monoclonal antibody named D-8 was pro- duced. The presence of high titers of antigen-specific antibodies mediated hypersensitivity to the presumptive relevant antigens, a condition more important in distinguishing patients with HP is useful for confirming a diagnosis of HP when characteristic, clinical, radiologic, and functional features are present. Howfrom their asymptomatic counterparts (36, 37) . The persistence of cell-mediated hypersensitivity as assessed by the antigenever, the presence of antibodies is less useful for the diagnosis of HP, as exposed persons with no apparent lung disease also induced proliferation of sensitized lymphocytes is required to sustain the disease (38). have antibodies to the causative antigen (34, 35) . On the other hand, the presence of specific sensitized T cells reflects a cellSeveral studies have revealed that CD4 ϩ T cells play a crucial role in the induction of HP. Schuyler and colleagues established vated levels of IgG, IgA, or IgM in BAL fluids. Thus, measurement of antibodies to TA-19 in BAL fluid was confirmed to be a murine model of experimental HP through an adoptive transfer of S. rectivirgula-sensitized spleen cells. In their murine model, both specific and highly sensitive in the identification of individuals exposed to T. asahii. Serum levels of IgG, IgA, and IgM the depletion of CD4 ϩ T cells ablated the ability of recipient mice to express adoptive HP (16, 17) . They further revealed that were also significantly higher in patients with SHP than in all of the other groups ( Figure 7) . A few non-SHP subjects excepadoptive HP was transferred by CD4 ϩ Th1 cells but not by CD4 ϩ Th2 cells (18) . With the technique of targeted disruption, tionally exhibited slightly elevated IgG or IgA titers. The precise reason for the elevation was unknown at present. One possible Gudmundsson and coworkers showed an essential role of T cell-related cytokines in murine models of experimental HP explanation is that they were really exposed to T. asahii, and another is that they had cross-reacting antibodies to T. asahii. induced by S. rectivirgula (39, 40). When compared with wildtype mice, mice undergoing a disruption of the interferon-␥ gene
The former seems to be less likely because that non-SHP subjects studied did not show elevated levels of IgG, IgA, or IgM in the did not develop significant amounts of granuloma formation in the lungs after exposure to the S. rectivirgula antigen. Inversely, BAL fluids without exception. The latter possibility remains to be determined. BAL fluid is usually superior to serum as a interleukin-10 knockout mice showed greater inflammation after antigen exposure. Interferon-␥ is a key cytokine for Th1 cells, source of antibodies in terms of monitoring local pulmonary inflammation. The local inflammation is remarkably different and interleukin-10 is a key cytokine for Th2 cells (41) . Gudmundsson's group also demonstrated that injection of interleufrom systemic immune response (25, 49) . For this reason, we conclude that the measurement of specific antibodies to TA-19 kin-12, one of the potential cytokines polarizing naive T cells into Th1 phenotype (42) , resulted the development of pulmonary in BAL fluid is the most reliable method to identify individuals exposed to T. asahii at present. granulomatous inflammation in a resistant strain of mice for experimental HP (43). Finally, Hisauchi-Kojima and colleagues Cell-mediated hypersensitivity response to TA-19 by BAL cells was found in all five SHP patients studied, but not in the purified a 21-kD protein from pigeon dropping extracts that could induce specific lymphoproliferative responses of PBMCs patients with Sar. Stimulation indices of PBMCs were also significantly higher in the SHP patients than in the Sar, IPF, and in patients with pigeon breeder's disease (44) . The partially sequenced N-terminal peptides of this 21-kD protein were also NV groups. PBMCs from non-SHP individuals did not respond to TA-19. In a study on a series of SHP patients by Ando and confirmed to induce in vitro proliferation of PBMCs from patients with pigeon breeder's disease. Taken together, these obsercolleagues (10), BAL cells from 6 out of 14 patients and PBMC from 3 out of 13 patients responded to culture-filtrate antigen vations suggest that cell-mediated hypersensitivity plays a major role in the pathogenesis of HP and that protein antigens might of T. cutaneum. Thus, the purified antigen, TA-19, was confirmed to be not only specific, but highly sensitive for the evaluation of have some roles in the immunopathogenesis of HP.
We have cloned the full-length cDNA of a novel protein cell-mediated hypersensitivity in patients with SHP. The higher sensitivity of BAL cells to TA-19 compared with the PBMCs may antigen TA-19 responsible for both cellular and humoral immune reactions in patients with SHP. This is the first time that the indicate that antigen-specific T cells are scarce in the peripheral circulation but abundant at the site of disease. full-length cDNA of a potentially immunogenic protein antigen relevant to HP has been cloned.
In conclusion, we have cloned the full-length cDNA of TA-19, a novel protein confirmed to be relevant to the cellular and TA-19 is a member of the "Ricin superfamily," which was recently proposed by Hirabayashi and colleagues (24) . When humoral immunities in SHP. This 19-kD protein may be an Hirabayashi's group cloned the cDNA of a novel galactoseimportant antigenic component to elicit SHP. Although the exact binding lectin from annelida, they found that this protein, named biologic implications of TA-19 in the development of SHP await EW29, had multiple short consensus amino acid motif G-X-Xfurther studies, these results define a new protein antigen that Q-X-W. Many of the proteins listed in this superfamily have may participate in the immunopathogenesis of SHP and prove carbohydrate recognition domains. Proteins with the G-X-X-Quseful for the diagnosis of the disease. TA-19 will also be useful X-W motif are largely divided into a lectin group and an enzyme for further studies on the epidemiology and pathogenesis of group (Figures 3 and 4) . The nature of TA-19 and its biologic SHP. implications have yet to be determined. The other characteristic
